Background: In the context of increased asthma exacerbations associated with cli-
| INTRODUCTION
Asthma is one of the most prevalent diseases in industrialized societies, particularly among children and adolescents. 1 Reports from the World Allergy Organization 2 indicate a steady increase in asthma prevalence globally especially in "Westernized" countries such as Australia, UK and the USA, where a high proportion of this increase occurs in children and young adults. The global burden of asthma is estimated to affect 300 million people, 1 and prevalence is higher in 0-to 14-year-old males (11.4%), but is higher among females aged 15 years or older. 3 Medications usually control persistent asthma; however, up to 30% of children who experience severe exacerbations require emergency department (ED) care. 3 Exacerbations can be triggered by respiratory viral infections, air pollutants, exercise, tobacco smoke, noncompliance with preventive medications, exposure to irritant chemicals and/or aeroallergens such as fungal spores and pollen. [4] [5] [6] Understanding the major triggers of asthma exacerbations among children and adolescents that result in ED presentations could potentially lead to improved prevention strategies.
There is a gap in our understanding of changing outdoor environment and respiratory disease, especially in cities with dangerous environmental conditions such as the "thunderstorm asthma" outbreak that occurred in Melbourne, Australia, that was fatal. 7 In some cities, pollen seasons are severe with temperamental weather patterns and large volumes of pollen being dispersed in the air. 
| ME TH ODS
This systematic review was undertaken following both the PRISMA 13 and MOOSE 14 guidelines for reporting systematic review and metaanalysis. 
| Search strategy

| Eligibility criteria
Inclusion criteria were human subjects and published in English.
Study populations were children and adolescents aged <18 years who attended an ED with a diagnosis of asthma. Studies must have reported exposure to outdoor levels of pollen.
| Data extraction and assessment
From each study included, data regarding study design, method of analysis, study location, time period of the study, method of pollen collection, age range and number of children, exposure definition (pollen species such as grasses, weeds, trees and conifers), pollen count, outcome definition, effect estimates together with 95% confidence intervals were extracted where available. A quality assessment of each study was conducted independently by 2 researchers using a quality assessment framework developed by Zaza et al. 15 Quality assessment examined selection and description of the study sample, outcome assessment, exposure assessment, appropriateness of statistical methods and adjustment for confounders.
| Assessment for meta-analysis
Of the articles included in the review, we only considered studies with grass pollen as the primary exposure for inclusion in the metaanalysis because of the limited number of estimates for the other pollen types. To enable greater comparison, effect estimates were standardized to an increase per 10 grains/m 3 of grass pollen and the transformed variances computed using the delta method. 16 Metaanalyses of the chosen studies were carried using linear mixed effects models that assumed the presence of a random effect where the DerSimonian-Laird estimator was used to estimate the variance parameter. 17 Stratification analyses were not possible due to the limited number of studies. The analyses were undertaken using the R package metafor, 18 
| Search results
Electronic and hand searching yielded 227 articles after duplicates were removed, of which 213 were excluded ( Figure 1 ). We identified 14 eligible studies, where pollen was considered the primary exposure variable.
| Characteristics of the studies
In The ambient pollen concentration for each day was assumed to be every individuals' exposure due to the lack of individual-level pollen data. All but 2 studies 12,25 used data from a single collection site.
Reporting bias is evident in some studies that investigated multiple lag points but reported only on the most significant associations. 11, 12 Potential confounding bias from the lack of adjustment for individual-level variables such as sensitization to pollen or other allergens also contributed to low levels of the quality of the studies included.
| Synthesis of findings
A summary of the findings from each study is presented in Table 2 .
Two studies 5, 25 utilized nonlinear modelling to investigate the shortterm effects of different types of pollen on child asthma ED visits. Babin ( 
6.8).
Among the 4 descriptive time series studies 10, 22, 26, 27 investigating the associations between airborne pollen levels and ED presentations, Jariwala et al 10 found that when tree pollen was the major airborne pollen type in the area, the highest daily number of ED visits for children was observed. Averaging pollen counts and ED visits over a 7-year period, Jariwala et al 22 found tree pollen counts to be significantly correlated with paediatric asthma-related ED visits during the peak pollen season (q = .28, P < .001). This association persisted throughout the year (excluding the winter months) (q = .33, P < .001). In inland Australia, Hayden and Muscatello 26 reported that peak asthma count days for children (defined as top 0.1 percentile for daily asthma ED presentations over 13 years at 9 inland New South Wales hospitals) corresponded with the ryegrass season. No formal statistical tests were used to assess the differences overall or by specific age group. A 2-year study conducted in Wilmington, Delaware, in the USA categorized the rate of paediatric ED presentations into low and high levels defined as the per cent of the overall average monthly value. 23 They looked at the effects of air pollutants, pollen and meteorological factors with multiple comparisons and t tests. They found tree and weed pollen counts were higher on days with ≥7 asthma-related ED visits (P = .05), but no significant difference in grass pollen counts between high-and low-visit days.
In their single taxon models investigating linear effects of pollen on ED presentations in Atlanta, USA, Darrow et al 8 grass pollen to only be minimally associated with paediatric asthma ED visits, while tree and weed pollen were strongly associated.
| Meta-analysis
Although many studies reported estimated effects, conducting metaanalysis was difficult for studies reporting relative risk and odds ratios because no 2 studies reporting these estimates used the same pollen type or same lag day average. However, we could conduct a meta-analysis for studies reporting MPC in ED presentations. 9, 12, 24 All studies reported on a 3-day lag, 2 reported the estimated effect per increase in 10 grains/m 3 of pollen, 9,24 and we were able to transform estimated effect for the other study 12 The possibility that local variations in pollen levels, pollen types and pollen combinations across areas affecting child and adolescent asthma ED presentations should also be considered in such studies.
In Australia, grass pollen seems to be an important trigger, 5 trees
and weeds in various regions in the USA, 20, 23 grass and weeds in Canada 9 and grass and olive tree pollen in Madrid, Spain. 12, 25 The location of pollen count stations will also contribute to variations in the levels and types of pollen measured. 29 No study reported on the percentage of children/adolescents who were first diagnosed with asthma following the ED visit after high pollen load exposure;
whether the children had a prior diagnosis of allergic rhinitis; or were undergoing allergen-specific immunotherapy.
While some of study areas now have pollen monitoring and prediction programs either app based or website (such as Melbourne, Australia), these are only recently available to the public and did not exist when many of the studies were conducted. It is only the most recent studies that could have been impacted by these programmes.
There are a number of limitations associated with combining studies investigating the effects of pollen on child and adolescent asthma ED presentations. There was interstudy variation in the types the results of studies which used nonlinear models with no estimated effects with correlational studies. In addition, there were differences in the cut-off points for age groups between studies. This raised potential diagnosis misclassification bias associated with possible misdiagnosis of asthma in the 0-2 years age group due to the ambiguity of the respiratory symptoms in this age group. 30 Some studies combined the age groups, which made it difficult to untangle any age-specific effects that may modify the associations.
Variations in ecological and climatic conditions may also contribute to the differences observed. All studies reporting significant effect sizes were from highly urbanized regions. In some regions with high levels of urbanization, greater traffic flow and increased levels of traffic-related air pollutants may provide greater risk even during low pollen periods. Conversely, during peak pollen periods these environmental factors may interact thereby further increasing the likelihood of an ED presentation for asthma. Pollen is also dependent on changing climatic conditions, and its effect will vary by climatic region. Our upper airways carry air into our lungs and consecutive days of high pollen trigger swelling of these airways constricting our breathing. Among asthmatics, this can be fatal as there is further restriction of air getting into the lungs. High pollen days during peak pollen seasons combined with changing climatic conditions can cause serious and widespread asthma attacks requiring ED presentations or subsequent hospital admission. In the situation of "thunderstorm asthma," many individuals experience severe symptoms due to grass pollen exposure, up to 60% of whom were previously known to suffer from allergic rhinitis without prior diagnosis of asthma. 
